Phosphoinositide-specific inositol polyphosphate 5-phosphatase IV has the affinity for PI(3,4,5)P 3 (K m ‫؍‬ 0.65 M) that is approximately 10-fold greater than the other inositol polyphosphate 5-phosphatases, which use this substrate including SHIP, OCRL, and 5ptase II, suggesting that it may be important in controlling intracellular levels of this metabolite. We created cell lines stably expressing the enzyme to study its effect on cell function. We found that overexpression of 5ptase IV in 293 cells caused the rapid depletion of both PI(4,5)P 2 and PI(3,4,5)P 3 in cells with corresponding increases in the products, PI(4)P and PI(3,4)P 2 , changing the balance of two phosphoinositol products of phosphoinositide 3-kinase, PI(3,4)P 2 and PI(3,4,5)P 3 , in the cell. One of the targets of these phosphoinositides is the serine/threonine kinase Akt, which plays an important role in the control of apoptosis. We were able to address the relative roles of PI(3,4)P 2 and PI(3,4,5)P 3 in the activation of Akt by selective depletion of these phosphoinositides in cells stably transfected with 5ptase IV and inositol polyphosphate 4-phosphatase (4ptase I). In cells transfected with 4ptase I, the level of PI(3,4)P 2 was reduced, and PI(3,4,5)P 3 was increased. Expression of the two enzymes had the opposite effect on the phosphorylation of Akt in response to stimulation with growth factors or heat shock. Akt phosphorylation was inhibited in cells expressing 5ptase IV but increased in 4ptase I cells and correlated with the intracellular level of PI(3,4,5)P 3 and not that of PI(3,4)P 2 . The inhibition of Akt phosphorylation in cells expressing 5ptase IV makes them highly susceptible to FAS-induced apoptosis, whereas overexpressing of the 4ptase I protects cells from apoptosis. Our results place 5ptase IV as a relevant biological regulator of PI3K/Akt pathway in cells.
produce phosphatidylinositol second messengers phosphatidylinositol 3,4-bisphosphate (PI(3,4)P 2 ), phosphatidylinositol 4,5-bisphosphate (PI(4,5)P 2 ), and phosphatidylinositol 3,4,5-trisphosphate (PI(3,4,5)P 3 ) (1-3). Inositol polyphosphate phosphatases terminate these signals by hydrolysis of their corresponding substrates. Inositol polyphosphate 5-phosphatases (5ptases) remove the phosphate group at the D5 position, whereas inositol polyphosphate 4-phosphatases (4ptases) hydrolyze the D4 phosphate. The intracellular levels of PI(4,5)P 2 and PI(3,4,5)P 3 may be determined by 5ptases, and 4ptases could control the intracellular level of PI(3,4)P 2 (4, 5) . One of the best characterized targets of PI3K products, PI(3,4)P 2 and PI(3,4,5)P 3 , is the protein kinase Akt/protein kinase B (6) . Stimulation of PI3K results in the activation of Akt by phosphorylation. Recruitment of Akt to the cell membrane and phosphorylation by phosphoinositide-dependent kinase-1 are mediated by PI(3,4)P 2 and PI(3,4,5)P 3 (7, 8) .
We have identified an inositol polyphosphate phosphatase with a unique substrate specificity, inositol polyphosphate 5-phosphatase type IV (5ptase IV) (9) . Only the lipid substrates, PI(4,5)P 2 and PI(3,4,5)P 3 are used by this enzyme in vitro. The 5ptase IV has a remarkably high affinity for PI(3,4,5)P 3 , making it a potential candidate for the regulation of the PI(3,4,5)P 3 level in cells.
We have established human embryonic kidney 293 cell lines stably transfected with the human 5ptase IV gene under a tetracycline-inducible promoter to determine the substrate specificity of this enzyme in vivo and to study the physiological consequences of 5ptase IV overexpression. Following overexpression of 5ptase IV in these cells, we measured changes in the levels of phosphoinositides and the effects of 5ptase IV protein expression on cell growth and apoptosis. We have determined Akt phosphorylation in cells expressing either 4ptase I or 5ptase IV and have studied the relative role of the two substrate phospholipids in Akt phosphorylation.
EXPERIMENTAL PROCEDURES

Generation of Cell Lines Stably Expressing Inositol Polyphosphate
Phosphatases-The T-Rex tetracycline-regulated system (Invitrogen) was used to create cell lines stably expressing inositol phosphatases. cDNA encoding Myc-tagged full-length 5ptase IV (GenBank TM AF187891) was subcloned into the BamHI site of pcDNA 4/TO vector (Invitrogen). Full-length 4ptase I (GenBank TM U26398) was subcloned into HindIII/EcoRI sites of the vector. 293T-Rex cells (Invitrogen) stably expressing the tetracycline repressor were transfected with either plasmid and selected with 400 g of zeocin/ml for 4 weeks. Isolated clones * This research was supported by National Institutes of Health Grants RO1-HL55672 and RO1-HL16634. The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
‡ To whom correspondence should be addressed: Dept. were grown in Dulbecco's modified Eagle's medium supplemented with 2 mM glutamine, 1% penicillin/streptomycin, 10% Tet system-approved fetal bovine serum (FBS) (CLONTECH), 5 g of blasticidin/ml, and 300 g of zeocin/ml. An addition of 100 ng of tetracycline/ml to the growth medium induced the expression of the inositol phosphatase proteins. Determination of Inositol Phospholipid Levels-Cells were labeled in 35-mm tissue culture dishes in 1 ml of medium containing 400 Ci of [ 32 P]orthophosphate (PerkinElmer Life Sciences) for 2-4 h at 37°C in a phosphate-free Dulbecco's modified Eagle's medium (Invitrogen) containing 5% FBS dialyzed against 0.85% NaCl. No serum was added to the labeling medium of cells stimulated with growth factors. Cells were harvested, spun, and lysed by an addition of 1.8 ml of methanol:chloroform:8% HClO 4 (20:10:1). After the addition of 500 l of chloroform and 500 l of 1% HClO 4 , the lower organic phase was collected, washed twice with 1% HClO 4 , and evaporated. Deacylation was as described previously (10) . The glycerophosphorylinositol derivatives were resolved on an anion-exchange column (PartiSphere Sax, 4.6 ϫ 125 mm, Whatman) with the gradient of 0 -1.25 M NaH 2 PO 4 , pH 4.5. The linear gradient rose to 7% B over 30 min. A 1-min step to 15% was followed by a linear gradient to 30% B at 60 min followed by a linear gradient to 60% B at 80 min. Finally, pump B was increased to 100% over 5 min. Radiolabeled deacylated phospholipids were detected by a ␤-RAM inflow detection system (In/US Systems, Inc.).
Cell Proliferation Assay-Cells were seeded at a density of 2000 cells/well in a 96-well plate. After 24 h, protein expression was induced by the addition of 100 ng of tetracycline/ml to the growth medium. The number of viable cells was determined using the CellTiter 96 AQueous Assay (Promega). Four wells were analyzed for each time point.
Cell Cycle Analysis-Cells stably transfected with either 5ptase IV, 4ptase I, or an empty vector were grown in the presence of tetracycline (100 ng/ml) for an indicated period of time. Half of the samples were also treated with 50 ng/ml of nocodazole. Cells were trypsinized, washed twice with 2% FBS in phosphate-buffered saline, and fixed in ethanol at 4°C overnight. Cells were resuspended in phosphate-buffered saline containing 3.8 mM sodium citrate, 50 g/ml propidium iodide (Sigma), and 0.5 g/ml RNase A (Qiagen) and incubated for 2 h at 4°C. Cells were analyzed by fluorescence-activated cell sorting.
Apoptosis Assay-APOPercentage Apoptosis Assay (Biocolor, Belfast, Northern Ireland) was used to assess the effect of 5ptase IV overexpression on apoptosis. Vector or 5ptase IV cells were seeded on a gelatin-covered 24-well plate at a density of 2 ϫ 10 4 cells/well. Protein expression was induced by the addition of 100 ng of tetracycline/ml in Dulbecco's modified Eagle's medium supplemented with 5% FBS. Cellular dye uptake was analyzed according to the protocol by the manufacturer.
Alternatively, the activity of lactate dehydrogenase (LDH) released in the supernatant of apoptotic cells was used to assess the degree of apoptosis. LDH activity in the media was measured with cytotoxicity detection kit (Roche Molecular Biochemicals).
Analysis of Akt Phosphorylation-Cells were lysed with buffer containing 50 mM Tris, pH 7.5, 1 mM EGTA, 0.5 mM activated sodium orthovanadate, 0.1% 2-mercaptoethanol, 1% Triton X-100, 50 mM NaF, 5 mM sodium pyrophosphate, 10 mM sodium ␤-glycerol phosphate, 0.1 mM PMSF, 1 g/ml each of aprotinin, pepstatin, and leupeptin, and 1 M Microcystin LR. Samples containing 60 g of protein were resolved by SDS-PAGE and transferred to polyvinylidene difluoride membranes (Immobilon, Millipore). Equal protein load was checked by staining of the membrane with Amido Black. After blocking in 5% bovine serum albumin in Tris-buffered saline for 1 h, membranes were incubated overnight at ϩ4°C with the appropriate antibodies diluted 1:1000 in the blocking solution. After extensive washes with Tris-buffered saline containing 0.1% Tween 20, detection was performed with horseradish peroxidase-conjugated secondary antibody and SuperSignal West Pico reagents (Pierce). The degree of Akt phosphorylation, detected with anti-pSer 473 or anti-pThr 308 antibodies (Cell Signaling) was normalized to the amount of total Akt in a sample as detected with anti-Akt antibodies (Cell Signaling).
Induction of Apoptosis-0.8 ϫ 10 6 cells were plated/well in a 12-well plate, and protein expression was induced by overnight incubation in a medium containing 100 ng of tetracycline/ml. Apoptosis was induced by the ligation of FAS with ␣-FAS antibody (1 g/ml) and protein G (2.5 mg/well) (Upstate Biotechnology) in Dulbecco's modified Eagle's medium supplemented with 1% FBS. After incubation for various times, cells were collected and spun down. LDH activity was assayed using 20 and 50 l of the supernatant. The extend of apoptosis was measured as a -fold increase of LDH activity in the sample compared with LDH activity measured in the media of untreated vector cells. 3 Are the Intracellular Substrates of 5ptase IV-Only two lipid inositol polyphosphates, PI(4,5)P 2 and PI(3,4,5)P 3 , are substrates of 5ptase IV in vitro (9) . To determine whether the enzyme maintains its substrate specificity in vivo, we created cell lines stably expressing Myctagged human 5ptase IV. Three clones with varying levels of 5ptase IV expression were selected, clones #6, #9, and #12, as shown in the Western blot in Fig. 1A . Enzyme overexpression was induced by the addition of 100 ng of tetracycline/ml to the growth media. 8 -16 h later, cells were labeled with (Fig. 1C, left) . Hydrolysis of PI(4,5)P 2 by 5ptase IV should result in an elevated level of PI(4)P. In fact, the level of PI(4)P was increased 2.5-fold upon induction of the expression of 5ptase IV protein (Fig. 1C, right) . PI(4)P and PI(4,5)P 2 represent the major labeled phosphoinositides, and very little PI(3,4,5)P 3 was found. In cells overexpressing 5ptase IV, PI(3,4,5)P 3 was reduced to undetectable levels (Fig. 1D) , as it would be expected as a result of hydrolysis of PI(3,4,5)P 3 by 5ptase IV. The three clones with different levels of the enzyme expression did not show much deviation in the effect on the levels of cellular phosphoinositides, and even the lowest level of expression (clone #6) was enough to significantly reduce the intracellular levels of PI(4,5)P 2 and PI(3,4,5)P 3 (data not shown).
RESULTS
PI(4,5)P 2 and PI(3,4,5)P
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Overexpression of 5ptase IV Suppresses Cell GrowthClones #6, #9, and #12, with increasing levels of 5ptase IV expression and vector cells were grown for 7 days in tetracycline-containing media. We used CellTiter96 AQueous Assay (Promega) to measure cell growth. The vector cell line grew normally. In contrast, no increase in the number of cells was observed in cell lines stably transfected with 5ptase IV (Fig.  2A) . Dramatic suppression of cell growth was observed even with clone #6. 5ptase IV overexpression may either slow cell growth or cause apoptotic cell death. We next tested whether the overexpression of 5ptase IV leads to cell cycle arrest, apoptosis, or both.
Cells Overexpressing 5ptase IV Protein Undergo ApoptosisApoptosis was assessed as described under "Experimental Procedures." The uptake of a purple-red dye is restricted to the mid-phase stage of the apoptotic process. Approximately 20% of cells expressing 5ptase IV were apoptotic 24 h after induction of enzyme expression with no positive cells observed in vector cells (Fig. 2B) . Overexpression of 5ptase IV greatly enhanced susceptibility to FAS-mediated apoptosis. Eight hours after incubation with ␣-FAS antibodies, Ͼ50% of cells expressing 5ptase IV were apoptotic, and most of them were detached from the tissue culture dish. Under the same conditions, Ͻ10% of vector cells showed apoptosis.
Overexpression of 5ptase IV Results in Cell Cycle Arrest-We examine the effect of 5ptase IV expression on the cell cycle. The number of cells in different phases of the cell cycle was determined by fluorescence-induced cell sorting at different times following the induction of protein expression with tetracycline (Fig. 3) . To increase the sensitivity of the assay, half of the samples were treated with nocodazole, a microtubule-stabilizing agent resulting in G 2 /M arrest (11) . This treatment revealed that 8 -10 h after induction of 5ptase IV expression, more cells have accumulated in G 1 compared with the vector cells. 5ptase IV expression increased the number of cells in G 1 to 25.5%, whereas only 17.2% of vector cells were in G 1 . Prolonged induction of the 5ptase IV expression increased the number of cells in G 2 /M. 32.2% 5ptase IV expressing cells were present in G 2 /M compared with the 15.2% of cells transfected with an empty vector after 24 h of induction with tetracycline. No differences were observed between cells stably transfected with 5ptase IV or an empty vector growing without tetracycline. The experiment was repeated three times with the same results.
Phosphorylation of Akt Is Inhibited in Cells Overexpressing 5ptase IV-One of the key molecules involved in the regulation of cell survival is Akt/protein kinase B (6, 7). The kinase activity of Akt is increased in response to extracellular stimuli after phosphorylation of Thr 308 and Ser 473 by phosphoinositide-dependent kinase(s). The phosphoinositides PI(3,4)P 2 and PI(3,4,5)P 3 are essential for effective activation of Akt (12) (13) (14) (15) . We compared the phosphorylation status of Akt in cells stably transfected with 5ptase IV or vector. Overexpression of 5ptase IV protein results in the inhibition of Akt phosphorylation in response to platelet-derived growth factor stimulation (Fig. 4) . Maximum activation was achieved after a 15-min stimulation with platelet-derived growth factor (data not shown). We saw no significant differences between the degrees of phosphorylation on Ser 473 and Thr 308 .
Activation of Akt Is Altered in Cells Overexpressing Inositol
Polyphosphate Phosphatases-In response to an acute signal, such as incubation with a growth factor or heat shock, phosphorylation of Akt is increased. Activation of PI3K followed by an elevation in the intracellular levels of PI(3,4)P 2 and PI(3,4,5)P 3 mediate this response (for review see Ref. 16 ). We compared the phosphorylation of Akt in cells stably expressing either 5ptase IV or 4ptase I, an inositol phosphatase that uses PI(3,4)P 2 (17) . In quiescent cells, the expression of both inositol phosphatases leads to a decrease in Akt phosphorylation (Fig.  5A) . In 5ptase IV cells, Akt phosphorylation was reduced 6-fold. In cells overexpressing 4ptase I, Akt phosphorylation was reduced 2-fold. Experiments were repeated at least three times with the same result. Next, these cell lines as well as cells transfected with vector were serum-starved followed by stimulation with 50 ng/ml of platelet-derived growth factor or 20 nM insulin-like growth factor-1. Alternatively, cells were subjected to a heat shock for 15 min at ϩ42°C. Akt phosphorylation was 1A ) and vector cells were maintained in media containing 100 ng of tetracycline/ml for an indicated period of time. CellTiter 96 AQueous Assay (Promega) was used to determine the number of viable cells. B, 5ptase IV overexpression results in apoptotic cell death. Cells stably expressing 5ptase IV protein (clone #9, Fig. 1A ) or vector cells were incubated for 24 h in media containing no tetracycline (left panel), 100 ng of tetracycline/ml (middle and right panels) to induced protein expression, or in the presence of anti-FAS antibodies (1 g/ml) and protein G (1.25 mg/well) for the last 8 h (right panel) to induce apoptosis. Cells undergoing apoptosis were detected by the uptake of a purple dye (APOPercentage Apoptotic Assay, Biocolor).
inhibited in 5ptase IV-expressing cells but was significantly increased in cells overexpressing 4ptase I (Fig. 5, B and C) . 2 Correlates with the Akt Phosphorylation-Upon stimulation with growth factors or heat shock, the activation of PI3K results in a transient increase in the intracellular levels of PI(3,4)P 2 and PI(3,4,5)P 3 (1) . Selective hydrolysis of phosphoinositides by either 5ptase IV or 4ptase I alter the levels of these phospholipids in cells (4) . Serum-starved cells were labeled with [ 32 P]orthophosphate for 2 h and stimulated with 20 nM insulin-like growth factor-1. The levels of PI(3,4)P 2 and PI(3,4,5)P 3 are as shown in Fig. 6, A and B , respectively. In unstimulated cells, the level of these lipids are undetectable. The maximum levels of PI(3,4)P 2 and PI(3,4,5)P 3 were detected after 2-5 min of stimulation (data not shown). In vector cells, the ratio of PI(3,4,5)P 3 to PI(3,4)P 2 was 0.79 (Fig. 6C) . In cells stably transfected with 5ptase IV, the intracellular level of PI(3,4,5)P 3 was reduced 2-fold compared with the vector cells and accompanied by a 2-fold increase in the level of PI(3,4)P 2 . This is reflected in a decrease of the PI(3,4,5)P 3 to PI(3,4)P 2 ratio to 0.17. The overexpression of 4ptase I had the opposite effect. Whereas the level of PI(3,4)P 2 was decreased 3-fold, PI(3,4,5)P 3 was increased 2.4-fold, and the PI(3,4,5)P 3 to PI(3,4)P 2 ratio was 5.86. Thus, the intracellular level of PI(3,4,5)P 3 rather than PI(3,4,)P 2 correlates with the inhibition of the Akt phosphorylation in cells overexpressing 5ptase IV and the increase of Akt phosphorylation in cells overexpressing 4ptase I.
The Intracellular Level of PI(3,4,5)P 3 rather Than That of PI(3,4)P
Overexpression of 5ptase IV and 4ptase I Have Opposite Effects on Susceptibility of Cells to FAS-induced Apoptosis-
We compared the effects of overexpression of 4ptase I and 5ptase IV on FAS-induced apoptosis and the phosphorylation of Akt. To assess apoptosis, we measured LDH activity released in the media due to the plasma membrane damage. 5ptase IV overexpression enhances apoptotic cell death, whereas the overexpression of 4ptase I protects cells from apoptosis (Fig. 7A) . At 16 h, LDH activity in the media collected from cells expressing 5ptase IV was 3.25 times higher than in vector cells, indicating that 5ptase IV expressing cells are more susceptible to FASinduced apoptosis. LDH activity in the medium collected from 4ptase I-expressing cells was decreased 1.6-fold. Similar results were obtained when DNA fragmentation was assessed (data not shown). Phosphorylation of Akt correlated with the apoptotic response. Lower levels of Akt phosphorylation in 5ptase IV-expressing cells corresponded with higher susceptibility of the cells to FAS-induced apoptosis. Overexpression of 4ptase I enhanced the phosphorylation of Akt, and the activation of Akt effectively blocked FAS-induced apoptosis (Fig. 7B) . 
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DISCUSSION
Inositol polyphosphate 5-phosphatases control the intracellular levels of soluble and lipid inositol phosphates including Ins(1,4,5)P 3 , Ins(1,3,4,5)P 4 , PI(4,5)P 2 , and PI(3,4,5)P 3 (4, 5) . Hydrolysis of these substrates by 5-phosphatases results in the termination of signaling reactions evoked by these messenger molecules. 5ptase IV hydrolyzes only the lipid substrates, PI(4,5)P 2 and PI(3,4,5)P 3 (9) . Its affinity for PI(3,4,5)P 3 (K m ϭ 0.65 M) is approximately 10-fold greater than that of the other 5ptases, which use this substrate including SHIP, OCRL, and 5ptase II, suggesting that it may be important in controlling intracellular levels of this metabolite. We thus created cell lines overexpressing the enzyme in a tetracycline-dependent system to study its effect on cell function. We found that overexpression of 5ptase IV in 293 cells caused the rapid depletion of both PI(4,5)P 2 and PI(3,4,5)P 3 in cells with corresponding increases in the products, PI(4)P and PI(3,4)P 2 . The activation of PI3K by a diverse stimuli leads to a transient formation of PI(3,4)P 2 and PI(3,4,5)P 3 in cells. One of the functions of these inositols is to activate the serine/threonine kinase Akt that plays an important role in the control of apoptosis. These inositol lipids recruit Akt to the plasma membrane where it is activated by phosphorylation by another kinase, phosphoinositide-dependent protein kinase 1. Activation of Akt is achieved by the phosphorylation of Thr 308 and Ser 473 . Activated Akt phosphorylates a number of targets that leads to the inhibition of apoptosis (for review, see Refs. 6, 7, 18). The role of PI(3,4)P 2 versus PI(3,4,5)P 3 in activating Akt is somewhat uncertain. It has been reported that PI(3,4)P 2 but not PI(3,4,5)P 3 directly activates Akt (19 -21) . However, in most studies of the activation of phosphoinositide-dependent kinase-1, it appears that PI(3,4,5)P 3 is most important (12) (13) (14) . Phosphoinositide products of PI3K are essential for Akt activation, because it can be inhibited by PI3K inhibitors, wortmannin and LY294002 (22-24) . The activation of Akt in cells lacking the tumor suppressor PTEN has been linked to the hydrolysis of the PI3K products as a result of phosphoinositide 3-phosphatase activity of PTEN (25) . This hyperphosphorylation of Akt in tumor cells lacking functional PTEN can be reversed by reintroduction of catalytically active PTEN (26 -28) . In both of these cases, cells are depleted of both PI(3,4)P 2 and PI(3,4,5)P 3 precluding determination of the relative role of the two lipids.
A dominant role of PI(3,4,5)P 3 in activation of Akt has been suggested by the analysis of the effects of the 5ptases SHIP and SHIP2 on Akt activation and apoptosis (24, 29 -31) . Targeted disruption of SHIP results in elevation of the intracellular level of PI(3,4,5)P 3 (30) , whereas overexpression of SHIP2 leads to the reduction of the PI(3,4,5)P 3 level (24, 31) . Neutrophils and bone marrow-derived mast cells isolated from SHIPϪ/Ϫ mice were less susceptible to pro-apoptotic stimuli, and the activation of these cells with interleukin-3 resulted in the accumulation of PI(3,4,5)P 3 and prolonged Akt phosphorylation (30) . Conversely, an inhibition of Akt activation was detected in B cells overexpressing SHIP (32, 33) . Adenoviral overexpression of SHIP2 in glioblastoma cells leads to inactivation of Akt and cell cycle arrest (24) . An interpretation of this study is complicated by the fact that adenoviral infection itself led to Akt activation. In these studies, the levels of PI(3,4,5)P 3 were altered, but PI(3,4)P 2 remained largely intact. We were able to address the relative importance of PI(3,4)P 2 and PI(3,4,5)P 3 in the activation of Akt by selective depletion of D3 phosphoinositides in cells stably transfected with 5ptase IV or 4ptase I. The intracellular level of PI(3,4,5)P 3 is reduced by the expression of 5ptase IV, and PI(3,4)P 2 is reduced by the overexpression of 4ptase I. In quiescent cells, expression of either of the two inositol phosphatases lowered the basal level of Akt phosphorylation. A different situation was observed upon cell stimulation with growth factors or heat shock. Overexpression of 5ptase IV severely inhibited Akt activation. In contrast, cells expressing 4ptase I had higher levels of Akt phosphorylation than vector cells. Analysis of phosphoinositides showed that relative levels of the two products of PI3K, PI(3,4)P 2 and PI(3,4,5)P 3 , in these cells are present in opposite proportions. Hydrolysis of PI(3,4,5)P 3 by 5ptaseIV resulted in the depletion of PI(3,4,5)P 3 and accumulation of PI(3,4)P 2 . In cells transfected with 4ptase I, the level of PI(3,4)P 2 was reduced, and PI(3,4,5)P 3 was increased. The increased PI(3,4,5)P 3 level in 4ptase I-expressing cells probably occurred through the action of phosphatidylinositol phosphate kinases (3). The generation of PI(3,4,5)P 3 directly from PI(3)P in a concerted reaction by phosphatidylinositol phosphate kinases has been demonstrated in vitro (34) . Thus, the effect of the expression of inositol phosphatases on phosphorylation of Akt correlates with the intracellular level of PI(3,4,5)P 3 and not that of PI(3,4)P 2 .
In concert with these changes in Akt activation, we saw the expected effect on apoptosis (i.e. 5ptase IV expression increased apoptosis, and 4ptase I decreased it).
Hydrolysis of PI(4,5)P 2 depletes the intracellular substrate pool for PI3K to produce PI(3,4,5)P 3 . Therefore, the net loss of PI(3,4,5)P 3 in cells overexpressing 5ptase IV is due to hydrolysis of both the substrate PI(4,5)P 2 and the product PI(3,4,5)P 3 of PI3K.
The inhibition of the PI3K/Akt pathway has been reported to result in cell cycle arrest (24, 28, 35) . Expression of inositol phosphatases that hydrolyze the lipid products of PI3K, namely PTEN and SHIP2, induce arrest of the cell cycle. A reintroduction of catalytically active PTEN into PTEN-null cells induces cell cycle arrest in G 1 phase (11, 35) . Expression of PI(3,4,5)P 3 -hydrolyzing inositol 5-phosphatase SHIP2 leads to the G 1 cell cycle arrest as well (24) . This effect was attributed to stabilization of the cell cycle inhibitor, p27 KIP1 . p27 KIP1 inhibits the kinase activity of cyclin E-CDK2 complex and blocks progression into S phase (28, 36) . Overexpression of 5ptase IV also induces cell cycle arrest. sis, and the LDH activity in the media is 1.6-fold lower compared with the control. This correlates with the scale of FAS-induced apoptosis in cells stably transfected with the two inositol phosphatases. Akt is not thought to be directly involved in apoptotic progression mediated by death receptors including FAS. However, preactivation of Akt with epidermal growth factor before the induction of FAS protects cells from apoptosis (37) . Moreover, splenocytes isolated from PTENϪ/Ϫ mice are resistant to FAS-induced apoptosis, and Akt was found to be hyperphosphorylated in these cells (38) . A decrease of the intracellular level of PI(4,5)P 2 in cells overexpressing 5ptase IV may have contributed to the severity of apoptosis in another way. Recent reports suggest that PI(4,5)P 2 may be directly involved in the regulation of apoptosis by modulating the proteolytic activity of caspases (39, 40) . Azuma et al. (39) reported that PI(4,5)P 2 -gelsolin complex inhibits caspase 3 in vitro. PI(4,5)P 2 -gelsolin complex formation was essential for inhibition, because neither P(4,5)P 2 nor gelsolin alone affected the caspase activity (39) . In contrast, Mejillano et al. (40) detected the inhibitory effect of PI(4,5)P 2 presented to caspases in mixed vesicles, and the addition of gelsolin abrogated this effect (40) . It should be noted, however, that in both studies the effect of PI(4,5)P 2 was examined in in vitro experiments, and it remains to be seen whether PI(4,5)P 2 has any effect on caspases in vivo.
In conclusion, we demonstrated that 5ptase IV, a member of a large family of inositol polyphosphate phosphatase family of enzymes, is a lipid-specific inositol-phosphatase in vivo. Hydrolysis of intracellular PI(3,4,5)P 3 by this enzyme leads to the inhibition of Akt and makes cells highly susceptible to apoptosis. This places 5ptase IV as a relevant biological regulator of PI3K/Akt pathway in cells. 5ptase IV has the highest affinity toward PI(3,4,5)P 3 of known 5-phosphatases. It is expressed in many tissues and cell lines including brain, heart, testis, skeletal muscle, kidney, lung, liver, and skin (9) . A growing body of evidence suggests that two other PI(3,4,5)P 3 -hydrolyzing 5-phosphatases SHIP, restricted to hematopoietic cells, and a more widely expressed SHIP2 are involved in the regulation of PI3K/Akt pathway (24, 29 -31) . It would be interesting to analyze tumor cells for the mutations or loss of 5ptase IV and other phospholipid-hydrolyzing 5-phosphatases.
